
Bureau of  Mines Report  o f  Invest igat ions/ l976 

Geology of the Mary Lee Group 
of Coalbeds, Black Warrior Coal 
Basin, Alabama 

UNITED STATES DEPARTMENT OF THE INTERIOR 



Report of Investigations 8189 

Geology of the Mary Lee Group 

of Coalbeds, Black Warrior Coal 
Basin, Alabama 

By G. W. Murrie, W. P. Diamond, and S. W. Lambert 
Pittsburgh Mining and Safety Research Center, Pittsburgh, Pa. 

UNITED STATES DEPARTMENT OF THE INTERIOR 
Thomas S. Kleppe, Secretary 

BUREAU OF MINES 
Thomas V.  Falkie,  Director 



This publ icat ion has been cataloged as fo l l ows :  

hlurrie ,  Gary W 
Geology of the Mary Lee Group of coalbeds, Black Warrior 

coal basin, Alabama / by G. W. Wurrie, W. P. Diamond, and 
S. W. Larnbert. [Washington] : b e a u  of bhines, 1976. 

4 9  p. : m a p s ,  d i a g r a m s  ; 2 6  cm.  ( R e p o r t  of i n v e s t i g a t i ~ n s  
B u r e a u  o f  Xlines ; 8 1 8 9 )  

B i b l i o g r a p h y :  p. 41-42"  

1. C o a l  - G e o l o g y  - A l a b a m a  - H l a c k  Warr ier  c o a l  b a s i n .  I. 
D i a m o n d ,  Wi l l i am  P., jo in t  a u t h o r .  11. L a m b e r t ,  S t e p h e n  K., joint 
a u t h o r .  111. U n i t e d  S t a t e s .  B u r e a u  of  h l ines .  IV. T i t l e .  V. 
S e r i e s :  U n i t e d  S t a t e s .  B u r e a u  of  h l i ne s .  R e p o r t  of i n v e s t i g a -  
t i o n s  - B u r e a u  of > l i n e s  ; 8189. 

TN23.U7 no. 8189 622.06173 

U.S. I J ep t .  of t h e  Int.  I . ibrary  



CONTENTS 
Page 

Abs t rac t  ................................................................ 1 
In t roduc t ion  ............................................................ 1 
Acknowledgments ........................................................ 4 
Previous work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
Regional s t r u c t u r e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 ................................. Black Warrior c o a l  b a s i n  s t r u c t u r e  4  

Cleat  and i n c l i n e d  f r a c t u r e s  i n  the  Mary Lee c o a l  .................. 7 
........................................ Mary Lee Group coa l  s t r a t i g r a p h y  11 .. New C a s t l e  c o a l  ................................................. 12 

...................................................... Mary Lee c o a l  12 
.................................................... Blue Creek c o a l  22 

Jagger  and Ream c o a l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 ......................... Depos i t iona l  s e t t i n g  of  t he  Mary Lee Group 26 
S t r u c t u r a l  c o n t r o l  b f  Mary Lee Group sedimentat ion ...................... 30 

New C a s t l e  coa l  .................................................. 30 ...................................................... Mary Lee c o a l  30 
Blue Creek c o a l  . . . . . . . . . . . . . .o.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

Geologic f a c t o r s  i n f luenc ing  mining ope ra t i ons  .......................... 31 
S t r a t a  over ly ing  t h e  Mary Lee coalbed .............................. 31 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Methane gas con ten t  and d e g a s i f i c a t i o n  32 
Su r f ace  j o i n t  and c l e a t  measurements .................................... 34 

F i e l d  methods and d a t a  compi la t ion  ............................... 36 
P red i c t i on  of subsur face  c l e a t   orientation^........^............... 36 
Or ig in  of j o i n t s  and c l e a t s  ....................................... 39 

Sunrmary ................................................................. 40 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  References 41  

Appendix A.--Surface j o i n t  reail ings of i n d i v i d u a l  quadrangles  ........... 43 
Appendix B...Surface c l e a t  readings of i n d i v i d u a l  quadrangles  ........... 47 

ILL TRATIONS 

Map of s tudy  a r e a  .................................................. 2 
Locat ion of s tudy  a r e a  w i t h i n  t he  Black Warrior b a s i n  .............. 3 
S t r u c t u r e  map drawn on t h e  base of t h e  Mary Lee coalbed ............ 5 
S t r i k e  of normal f a u l t s  i n  t h e  Black Warrior c o a l  ba s in  ............ 6 
Rose diagrams of c l e a t  s t r i k e s  i n  seven mines ope ra t i ng  i n  t h e  Mary 

Lee coalbed ...................................................... 8 
Rose diagrams of s t r i k e s  of c l e a t  and i n c l i n e d  f r a c t u r e s  i n  t h e  Oak 

Grove and Blue Creek mines ....................................... 9 ...................................... Mines i n  t h e  Mary Lee coalbed 10 
Generalized s t r a t i g r a p h i c  column showing t h e  Mary Lee Group c o a l -  

beds and ad j acen t  s t r a t a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
New C a s t l e  c o a l  isopach ..............................*............. 13 ............................... New Castle-Mary Lee i n t e r v a l  isopach 14 

........... Isopach of sandstone i n  t he  New Castle-Mary Lee i n t e r v a l  15 
............... Map showing l o c a t i o n  of r eg iona l  c r o s s  s e c t i o n  l i n e s  16 

............................................... . Cross s e c t i o n  D D '  17 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cross s e c t i o n  E . E '  1 8  



ILLUSTRATIONS . -Continued 
Page 

Cross s e c t i o n A  - A '  ............................................... 19 
Cross s e c t i o n  B . B'  ............................................... 20 
Mary Lee coa l  isopach .............................................. 21 .. Map of  v o l a t i l e  con ten t  of t h e  Mary Lee coalbed .................. 23 ............................................ Blue Creek coa l  isopach 24 
Cross s e c t i o n  C . C ' ............................................... 2 5  

................................. American-Mary Lee i n t e r v a l  isopach 27 ................. Combined i sopach  of t h e  Mary Lee Group of coalbeds 29 
Depth o f  coalbed versus  gas conten t  ................................ 32  
Overburden isopach of s t r a t a  over ly ing  the  Mary Lee coalbed ........ 3 3  
Rose diagrams of s u r f a c e  j o i n t s  f o r  35 quadrangles ................. 35 
Composite ro se  diagram of  p r i n c i p a l  s u r f a c e  c l e a t  t r ends  ........... 3 6  
Composite ro se  diagram of  p r i n c i p a l  s u r f a c e  j o i n t  t r ends  ........... 36  
Composite r o s e  diagram of  p r i n c i p a l  underground c l e a t  t r ends  ....... 37 

TABLES 

1 . Methane resources  .................................................. 3 4  
2 . Fundamental r e g i o n a l  systems from d i r e c t i o n a l  da t a  .................. 37 



GEOLOGY O F  T H E  MARY L E E  GROUP O F  COALBEDS, 
B L A C K  WARRIOR C O A L  BASIN, ALABAMA 

by 

G. W. Murrie, W. P. Diamond, and S. W. Lambert 1 

ABSTRACT 

A geo log ic  s t udy  of  t h e  Mary Lee Group of coa lbeds  i n  t h e  Black Warr ior  
c o a l  b a s i n  was undertaken t o  examine c o a l  s t r a t i g r a p h y  and determine r e g i o n a l  
t r e n d s  and e x t e n t  of  t h e  coa lbeds .  The a r e a  i n v e s t i g a t e d  encompasses 
835 square  mi les  i n  J e f f e r s o n ,  Walker, and Tuscaloosa Count ies ,  Ala.  More 
than 700 co re  l ogs  were used t o  c o n s t r u c t  a  s t r u c t u r e  map, c o a l ,  i n t e r v a l ,  
and overburden i sopachs ,  and c r o s s  s e c t i o n s .  

There i s  evidence t h a t  s t r u c t u r e  a f f e c t e d  sed imenta t ion .  Coalbed i s o -  
pachs i n d i c a t e  t h e  Mary Lee Group was depos i t ed  i n  f l u v i a l - d e l t a i c  and low- 
l y i n g  c o a s t a l  p l a i n  environments.  The Mary Lee coalbed i s  t he  on ly  coalbed 
which i s  cont inuous throughout t h e  a r e a ,  commonly w i t h  two benches which have 
a  combined t h i cknes s  of 2  t o  12 f e e t .  The Mary Lee coalbed changes rank  i n  
t h e  b a s i n  from h igh -  through medium- t o  l o w - v o l a t i l e  c o a l .  The methane gas  
p o t e n t i a l  of t h e  Mary Lee Group c o a l s  i s  e s t ima ted  t o  be g r e a t e r  t han  1 t r i l -  
l i o n  cub i c  f e e t .  

There i s  a n  e x c e l l e n t  c o r r e l a t i o n  between t h e  o r i e n t a t i o n  of s u r f a c e  
c l e a t s w i t h t h o s e  measured undergroundin  t h e  Mary Lee coa lbed .  The f a c e  c l e a t s  
roughly p a r a l l e l  t h e  axes  of t h e  a r e a ' s  f o l d s  and t r e n d  no r theas t - sou thwes t .  

INTRODUCTION 

The i n v e s t i g a t i o n  o f  t h e  geology of t h e  Mary Lee Group, Upper P o t t s v i l l e  
age ,  was i n i t i a t e d  w i t h  a n  e v a l u a t i o n  of  t h e  methane con t en t  of t h e  coa lbeds  
o f  t h i s  group (6).' - Over 700 co re  l o g s  were used i n  t h e  methane s tudy  and t he  
maps, c r o s s  s e c t i o n s ,  and s t r a t i g r a p h i c  d a t a  p rov ide  a  va luab l e  geo log i ca l  
framework h e r e t o f o r e  unava i l ab l e  f o r  t h i s  p a r t  of  t h e  Warr ior  b a s i n .  A l l  
t h e s e  d a t a  p rov ide  i n fo rma t ion  w i th  p r a c t i c a l  a p p l i c a t i o n  f o r  t h e  c o a l  mining 
i n d u s t r y  a s  w e l l  a s  p rov id ing  a  b a s i s  f o r  f u r t h e r  geo log i ca l  i n v e s t i g a t i o n s .  

This  r e p o r t  i s  p a r t  of  a  con t inu ing  e f f o r t  of t h e  Bureau of  Mines t o  
determine t h e  f a c t o r s  t h a t  a f f e c t  t h e  s a f e t y  of mining c o a l  i n  U.S. coa lbeds .  
I n  t he  cou r se  of t h e s e  i n v e s t i g a t i o n s  i t  has  been e s t a b l i s h e d  t h a t  s i g n i f i c a n t  
q u a n t i t i e s  of methane may be recovered  from coalbeds be fo re  and dur ing  mining. 

Geo log i s t  . 
' under l ined  numbers i n  paren theses  r e f e r  t o  t h e  l i s t  of r e f e r ences  preced ing  

t he  appendixes .  







t o  be  w i t h i n  t h e  Warr io r  f i e l d  Q).  The Warr ior  c o a l f i e l d  now accounts  f o r  
approx imate ly  93 p c t  of Alabama's c o a l  p r o d u c t i o n .  The Mary Lee Group i s  t h e  
most economica l ly  impor tan t  of a l l  t h e  c o a l  g roups ,  c o n t a i n i n g  t h r e e  times 
more c o a l  r e s e r v e s  t h a n  t h e  combined e s t i m a t e  f o r  t h e  o t h e r  t h r e e  Alabama 
c o a l f i e l d s .  
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PREVIOUS WORK 

The f i r s t  i n v e s t i g a t i o n s  o f  t h e  Alabama c o a l f i e l d s  were i n i t i a t e d  i n  
1886 by McCalley (2) of t h e  Geolog ica l  Survey o f  Alabama. H i s  r e p o r t  
i n c l u d e d  a n  o u t c r o p  map of t h e  c o a l s  i n  t h e  Warr ior  b a s i n  and a  g e n e r a l  
s t r a t i g r a p h i c  column. Culber t son  Q ) ,  i n  1964, d e s c r i b e d  t h e  geology of t h e  
coa lbeds  and e s t i m a t e d  remaining r e s e r v e s  f o r  a l l  t h r e e  major Alabama c o a l -  
f i e l d s .  More r e c e n t  s t u d i e s  d e a l  w i t h  p e t r o l o g y ,  s t r a t i g r a p h y ,  and p a l e -  
ogeography of t h e  Black Warr io r  b a s i n  (3, 8 - g ,  - 21) and t h e  methane gas 
c o n t e n t  of Alabama coa lbeds  ( 6 ) .  - 

REGIONAL STRUCTURE 

The Black Warr io r  c o a l  b a s i n  l i e s  w i t h i n  t h e  Cumberland P l a t e a u  s e c t i o n  
o f  t h e  Appalachian Highlands  i n  n o r t h - c e n t r a l  Alabama. The Mary Lee Group 
o u t c r o p s  a l o n g  t h e  n o r t h e r n  and e a s t e r n  edge of t h e  b a s i n .  The e a s t e r n  margin 
o f  t h e  s t u d y  a r e a  i s  bounded by t h e  Opossum V a l l e y  t h r u s t  f a u l t  (19) a long  
most o f  i t s  l e n g t h .  The coa lbeds  plunge i n t o  t h e  b a s i n  d i p p i n g  a s m u c h  a s  9' 
( f i g .  3 ) .  The b a s i n  has  a  r e g i o n a l  sou thwes te rn  d i p  of lo t o  2' and i s  
covered by t h e  Cretaceous  onlap t o  t h e  wes t  and s o u t h .  

Black Warr io r  Coal Basin S t r u c t u r e  

The major s t r u c t u r a l  f e a t u r e  w i t h i n  t h e  Black Warr io r  c o a l  b a s i n  i s  t h e  
Sequa tch ie  a n t i c l i n e  t r e n d i n g  n o r t h e a s t  t o  southwest  through t h e  c e n t e r  of t h e  
s t u d y  area. The Warr io r  s y n c l i n e  l i e s  t o  t h e  wes t  of t h e  S e q u a t c h i e  a n t i c l i n e  
and t h e  Coalburg s y n c l i n e  l i e s  t o  t h e  e a s t .  F a u l t i n g  i s  widespread i n  t h e  
Warrior b a s i n  w i t h  h i g h - a n g l e  f a u l t s  predominat ing and f a u l t  grabens  common. 



FIGURE 3. - Structure mop drawn on the base of  the Mary Lee  coolbed. 



The strike of the known 
normal faults and fault seg- 
ments have been plotted on a 
rose diagram (fig, 4) , The 
faults strike generally to 
the north-northwest , with 
two peaks on the rose dia- 
gram, N 08" W and N 24" W, 
indicating the dominant 
average strikes. Several 
lineaments detected with the 
use of remote sensing 
(LANDSAT-1) seem to coincide 
with certain known high- 
angle faults (7). The 
presence and length of these 
fault-paralleling lineaments 
indicate the existence of 
previously unrecorded faults 
and longer known faults than 
those previously mapped, 

The faults tend to 
cluster in the two synclines, 
especially in the Coalburg 
syncline, with essentially 

12 8 4 0 90 readings plotted faults cutting the 
Sequatchie anticline, 

FIGURE 4, - Strike of normal fau l ts  in  the B lack  Warrior se&es attributes the 
coal  basin, faulting in the Coalburg 

syncline to a combination 
of lateral pressures from 

the Sequatchie folding, on the west, and the Opossum Valley thrust, on the 
east . 

The presence of faults can severely affect underground coal mining opera- 
tions as well as surface mining. The faults in the Warrior basin range up to 
6 miles in length. The maximum vertical displacement reported by Sernrnes (19) - 
is about 200 feet; however, displacement of more than 100 feet is rare. A 
first alternative is to encounter these faults underground which necessitates 
mining along the fault until the vertical displacement is so small as to per- 
mit conventional mining machinery to continue into coal on the other side of 
the fault. A second alternative is to tunnel through the faults and resume 
normal mining operations when the coalbed is located on the other side, 
Either alternative results in a loss in production and can cause disruptive 
changes in basic mine development projections. Geologic studies of proposed 
mining sites utilizing standard surface mapping and well-planned exploratory 
core hole drilling to provide structural, as well as coal thickness and coal 
quality data, can help locate faults and delineate their direction of strike, 
dip, and vertical displacement. More efficient mine development plans can be 
devised to deal with the faulting when these basic geological data are used 
before selecting shaft sites and beginning full-scale mine development. 



Clea t  and I n c l i n e d  F rac tu re s  i n  t he  Mary Lee Coalbed 

C lea t  surveys were made i n  seven underground mines ope ra t i ng  i n  t he  Mary 
Lee coalbed.  Approximately 250 s t r i k e  measurements were taken  on c l e a t s  
( v e r t i c a l  f r a c t u r e s )  and a  s i m i l a r  number of a d d i t i o n a l  read ings  were taken  
where i n c l i n e d  f r a c t u r e s  ( f r a c t u r e s  i n c l i n e d  a t  about 45" t o  bedding) were 
a l s o  p re sen t .  

The f i v e  mines surveyed i n  t he  shal low,  no r the rn  p a r t  of t h e  s tudy  a r e a  
have r e l a t i v e l y  we l l -de f ined ,  s i n g u l a r  f ace  c l e a t  o r i e n t a t i o n s  ( f i g .  5 ) ,  w i th  
few i n c l i n e d  f r a c t u r e s .  Measurements taken i n  t h e  Bess ie  mine i n d i c a t e  a  
bimodal f ace  c l e a t .  The f a c e  c l e a t  o r i e n t a t i o n s  range from N 53" E t o  N 68" E 
i n  the  n o r t h  and a r e  gene ra l l y  p a r a l l e l  t o  t h e  axes  of t he  f o l d s .  The b u t t  
c l e a t  i n  t he  Mary Lee No. 1 mine i s  bimodal w i t h  t h e  two peaks separa ted  by 
10" .  The Segco No. 1 mine, i n  t he  same v i c i n i t y ,  has  a  wide, weakly t r imodal  
b u t t  c l e a t .  The Chetopa and Bessie  mines i n  t he  n o r t h e a s t e r n  corner  of t h e  
s tudy  a r e a  have we l l -de f ined ,  s i n g u l a r  b u t t  c l e a t s .  But t  c l e a t  measurements 
i n  t h e  F l a t  Top mine a r e  q u i t e  v a r i a b l e ,  probably t h e  r e s u l t  of d i f f i c u l t i e s  
i n  a c c u r a t e l y  measuring c l e a t s  where r i b  s p a l l i n g  has  occurred.  The b u t t  
c l e a t s  i n  the  no r th  of t he  s tudy  a r e a  v a r i e d  i n  o r i e n t a t i o n  from N 20" W t o  
N 37" W ,  roughly p a r a l l e l  t o  t he  s t r i k e  of t he  normal f a u l t s  nearby,  which 
have average s t r i k e s  of N 08" W and N 24" W ( f i g .  5 ) .  

F rac tu r ing  i s  q u i t e  v a r i e d  i n  t h e  two mines l oca t ed  i n  t he  deeper ,  
sou thern  p a r t  of  t h e  b a s i n  and a l s o  n e a r e r  t o  t h e  s t r u c t u r a l  f r o n t  than  any 
of the  o t h e r  mines ( f i g s .  6  and 7 ) .  Both c l e a t  and i n c l i n e d  f r a c t u r e s  a r e  
p re sen t .  I n  t h e  Oak Grove and Blue Creek mines, t he  i n c l i n e d  f r a c t u r e s ,  
which d i p  a t  approximately 45" t o  t he  coalbed,  a r e  much more predominant than  
t h e  v e r t i c a l  c l e a t  systems. The Oak Grove mine has  a  wel l -def ined  f ace  c l e a t  
peak a t  N 64" E which i s  w i t h i n  t he  range found i n  t h e  no r the rn  p a r t  of t h e  
a r e a  ( f i g .  6 9 .  Severa l  peaks a r e  p re sen t  i n  t h e  b u t t  c l e a t  d i r e c t i o n  wi th  
two (N 18" W and N 41" W) being the  most dominant. 

The c l e a t  d i r e c t i o n s  measured i n  t h e  Blue Creek mine a r e  complex 
( f i g .  62) w i th  s i g n i f i c a n t  d i f f e r e n c e s  from the  a d j a c e n t  Oak Grove mine and 
t h e  mines f u r t h e r  t o  t he  no r th .  Most c l e a t s  i n  t h e  Blue Creek mine have 
s t r i k e s  t o  t he  northwest ,  whereas i n  t h e  o the r  mines,  t he  s t r i k e s  a r e  toward 
t h e  n o r t h e a s t .  Three peaks of  s i m i l a r  dominance (N 48" W ,  N 13" W ,  and 
N 02" W) a r e  presen t  i n  t h e  northwestern quadrant .  

The r o s e  diagram ( f i g .  6s )  of t h e  s t r i k e  of i n c l i n e d  f r a c t u r e s  i n  t h e  
Oak Grove mine has  s e v e r a l  wel l -def ined  peaks.  The most dominant peak i s  
N 26" W. No p r e f e r r e d  o r i e n t a t i o n  i s  p re sen t  f o r  t h e  d i p  of these  f r a c t u r e s ,  
w i th  approximately h a l f  dipping e a s t  t o  n o r t h e a s t  and h a l f  dipping west t o  
southwest.  

S t r i k e s  of i n c l i n e d  f r a c t u r e s  i n  t he  Blue Creek mine ( f i g .  6D) a r e  more 
v a r i e d  than  those  of t h e  Oak Grove mine. The most dominant peak i s  N 07" W 
a s  compared wi th  Oak   rove's N 26" W most dominant peak. 



FIGURE 5. - Rose diagrams of c l e a t  s t r i kes  i n  seven mines operat ing i n  the hlary L e e  coalbed. 
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FIGURE 7. - Mines in the Mary Leecoalbed. 



The presence of both 
cleat, inclined fractures, 
and multiple strike direc- 
tions in the southern part 
of the area is probably the 
result of the close proxim- 
ity to the structural front 

New Castle coal of the eastern margin of the 
Warrior basin which is char- 
acterized by steep dips and 
thrust faults trending 
northeast-southwest and 
thrust to the northwest. 
The Blue Creek mine is 

Mary Lee coal closesttothestructural 
front and has the most com- 
plex fracture patterns in 
the coal. Multiple periods 
of orogenic activity, 

lue Creek coal whether from the Ouachitas 
to the south-southwest, or 
the Appalachian belt to the 
east,may have added to the 
complexity of the fracturing 
in the coalbed. 

MARY LEE GROUP COa 
STRATIGRAPHY 

The Pottsville Forma- 
tion is divided into two 
units based on the presence 
of productive coalbeds. The 
Upper Pottsville contains 
all of the thick, econom- 
ically important coalbeds. 
These coalbeds have been 

FIGURE 8. - Generalized stratigraphic column showing divided into six groups 
the Mary Lee  Group coalbeds and adia- which, in descending order, 
cent strata. are the Brookwood, Gwin, 

Cobb, Pratt, Mary Lee, and 
Black Creek Groups w. The Lower Pottsville contains no known thick, pro- 
ductive coalbeds and is predominantly a barren interval which begins at the 
base of the Black Creek Group. 

The Mary Lee Group is comprised of five coalbeds which, in descending 
order, are the New Castle, Mary Lee, Blue Creek, Jagger, and Ream (fig. 8). 
The intervening strata are shales and sandstones with thin fireclays under- 
lying the coalbeds in many areas. The stratigraphic section tends to thicken 
to the south and southwest. 



New Cas t l e  Coal 

The New Cas t l e  i s  a  discontinuous coalbed t h a t  ranges from 0 t o  4 f e e t  
i n  th ickness .  It a t t a i n s  maximum thickness i n  Tuscaloosa County, where, i n  
p l aces ,  i t  i s  comprised of t h r e e  benches, spread through up t o  35 f e e t  of 
v e r t i c a l  s ec t ion .  Normally a  s i n g l e  bench does not  exceed 2 f e e t  i n  th ickness .  
I n  Walker and Je f f e r son  Counties,  t h e  New C a s t l e  ranges from 0 t o  1 f o o t ,  wi th  
t h e  exception of a  small a r e a  wi th in  the  Coalburg sync l ine  where i t  a t t a i n s  a  
maximum thickness of 3 f e e t  ( f i g .  9 ) .  McCalley (14) ind ica t ed  t h a t  west of 
Pa los ,  the  New Cas t l e  i s  seldom over 12 inches t h i c k  wi th  the exception of a  
small a rea  near  Carbon H i l l .  The New Cas t l e  c o a l  i s  absent  i n  l a r g e  a r e a s  of 
J e f f e r son  and Walker Counties but  i s  present  throughout t h e  a rea  under inves -  
t i g a t i o n  i n  Tuscaloosa County and a t t a i n s  a  maximum th ickness  of 4 f e e t .  

The New C a s t l e  c o a l ,  where p resen t ,  occurs between 15 t o  65 f e e t  above 
the  Mary Lee ( f i g .  10) .  The i n t e r v a l  thicknesses wi th in  t h e  hatchured a r e a s ,  
where the  New Cas t l e  coa l  i s  absen t ,  a r e  approximate and based on t rends  i n  
th ickness  and c o n t i n u i t y  of i n t e rven ing  l i t h o l o g i e s .  The sandstones i n  t h i s  
i n t e r v a l  range from 0 t o  53 f e e t  i n  th ickness .  There i s  a  genera l  c o r r e l a t i o n  
between i n t e r v a l  th ickness  and sandstone th ickness  ( f i g .  11) .  

From a n a l y s i s  of core  log  and mine da ta  i t  appears  t h a t  i n  the  v i c i n i t y  
of New Cas t l e  t h e  Mary Lee coalbed may have been mistakenly c a l l e d  t h e  New 
Cas t l e .  Data i n d i c a t e  t h a t  t he  New Cas t l e  coalbed i s  absent  a t  New C a s t l e  and 
f i r s t  appears t o  t h e  sou th  near  Lewisburg, Ala. ( f i g s .  1, 12 ,  and 13) .  

Mine sec t ions  a s  descr ibed  by But t s  (9 were used f o r  t he  cons t ruc t ion  
of c r o s s  s e c t i o n  E - E ' ( f i g s .  12 and 14) .  Measured mine sec t ions  from the  
New C a s t l e  Nos. 2  and 6 ,  Mary Lee No. 1, and Hamilton mines loca ted  no r th  t o  
sou th ,  r e s p e c t i v e l y ,  appear t o  be c o r r e l a t i v e .  The nomenclature problem has 
a r i s e n  s i n c e  t h e  coa l  i n  t h e  New Cas t l e  No. 6 mine i s  named New C a s t l e ,  
whereas i n  t h e  ad jo in ing  mines t o  t h e  south  t h e  same coalbed i s  named Mary Lee. 

Mary Lee Coal 

The Mary Lee coalbed i s  comprised b a s i c a l l y  of two benches ( f i g s .  1 2 ,  15,  
and 16) which coalesce  i n  the  nor thern  p a r t  of t h e  Warrior syncl ine .  I n  c e r -  
t a i n  l o c a l i t i e s ,  the  Mary Lee i s  s p l i t  i n t o  a s  many a s  f i v e  benches. On the  
b a s i s  of core log  d a t a ,  t h i s  coa l  i s  present  throughout the  e n t i r e  s tudy a r e a ,  
un l ike  t h e  New C a s t l e  and Blue Creek coalbeds.  The Mary Lee coalbed ranges i n  
th ickness  from 2 t o  12 f e e t  and i s  normally 2 t o  6 f e e t  t h i c k  i n  the  n o r t h -  
western h a l f  of t he  bas in  and from 6 t o  8 f e e t  i n  t h e  southwest.  The combined 
th ickness  of a l l  benches and in t e rven ing  s t r i n g e r s  of coa l  were included i n  
t h e  cons t ruc t ion  of the  Mary Lee coa l  isopach ( f i g .  17) .  This map should not  
be construed a s  an i n t e r p r e t a t i o n  of minable c o a l  t h i ckness ,  because i n  most 
a r e a s  of t he  Warrior f i e l d  only one bench of t h e  Mary Lee i s  mined. 



FIGURE 9. - New Cast le  coal isopach. 



FIGURE 10. - New Castle-Mary L e e  interval isopach. 



FIGURE 11. - lsopach of sandstone in the New Castle-h4~ry Lee interval. 



FIGURE 12. - Map showing locat ion of regional cross sect ion lines. 
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Nor theas t  Southwest 

1 L ~ e w  Castle No. 6 L ~ a r y  Lee No. I 

New Castle No. 2 Hamil ton 

LEGEND 

0 Shale 
Coa l 

- 0 8 16 
Horizontal scale, lo3 ft 

FIGURE 14, - Cross section E - E , 
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FIGURE 17. - Mary Lee cm l isopach. 



Two benches of t h e  Mary Lee a r e  p re sen t  over  much of t he  b a s i n  and a r e  
s epa ra t ed  by a  p a r t i n g  which ranges t o  a  maximum of 10  f e e t  i n  J e f f e r son  
County near  Oak Grove, Ala. The top bench of c o a l  i s  u sua l ly  0  t o  24 inches  
i n  t h i cknes s ,  whereas t h e  bottom bench i s  normally between 30 and 90 inches  
t h i c k .  

There i s  a  genera l  c o r r e l a t i o n  between t h e  Mary Lee coalbed th ickness  
and t h e  t h i cknes s  of sandstone i n  t h e  New Castle-Mary Lee i n t e r v a l  ( f i g .  11 ) .  
There i s  an  e x c e l l e n t  c o r r e l a t i o n  between t h e  th ickness  of the  Mary Lee c o a l -  
bed and t h e  t h i cknes s  of t he  New Castle-Mary Lee i n t e r v a l  ( f i g s .  10 and 1 7 ) .  

I n  t he  s tudy  a r e a ,  t h e  Mary Lee c o a l  ranges from h i g h - v o l a t i l e  i n  p a r t s  
o f  Walker County, through medium-volati le t o  l o w - v o l a t i l e  coa l  i n  n o r t h e a s t e r n  
Tuscaloosa and southwestern J e f f e r son  Counties ( f i g .  1 8 ) .  The P r a t t  coalbed 
a l s o  e x h i b i t s  a  s i m i l a r  i n c r e a s e  i n  rank t o  t h e  sou theas t ,  a c ros s  t h e  Warr ior  
c o a l f i e l d  (2 ) .  This  rank v a r i a t i o n  can be a t t r i b u t e d  t o  t h e  degree of 
t ec ton ism cGmbined w i t h  depth of b u r i a l  of t h e  coalbeds.  

Blue Creek Coal 

The Blue Creek c o a l ,  where p r e s e n t ,  occurs  from 7 t o  40 f e e t  below t h e  
Mary Lee and t y p i c a l l y  l i e s  10 t o  25 f e e t  beneath i t .  This coalbed reaches 
a  maximum th ickness  of 5  f e e t ,  bu t  i s  normally between 1 and 2 f e e t  t h i c k  
( f i g .  19 ) .  The Blue Creek c o a l ,  absent  over  much o f  Tuscaloosa County, i s  
o r i e n t e d  i n  a  wide b e l t  t rending  nor thwes t - southeas t  and e x h i b i t s  minor 
i nc reases  i n  t h i cknes s  i n  t h e  sync l ines .  

Most r eg iona l  maps i n t h i s  r e p o r t  were cons t ruc t ed  by using d a t a  from more 
than  700 core l o g s .  The i sopach  of t he  Blue Creek coalbed was based on approx-  
imate ly  200 core  l ogs  because of t h e  genera l  p r a c t i c e  of t e rmina t ing  co r ing  a  
s h o r t  d i s t a n c e  below t h e  lower bench of t he  Mary Lee coalbed,  which i s  t h e  bed 
of primary importance i n  mining. 

Cor re l a t i ons  of t h e  Mary Lee and Blue Creek coalbeds have gene ra l l y  been 
based upon l i m i t e d  d a t a .  The l i m i t e d  acces s  t o  a l l  p e r t i n e n t  d a t a ,  the  
geologic  complexi t ies  due t o  t he  c l o s e  s t r a t i g r a p h i c  proximity of t he  two 
coa lbeds ,  and the  s p l i t t i n g  of  t h e  Mary Lee i n t o  two o r  more benches has  made 
c o r r e l a t i o n  d i f f i c u l t .  The i n v e s t i g a t o r s  i n  t h i s  s t udy  have had the  d i s t i n c t  
advantage of  access  t o  d a t a  obtained i n  exp lo ra to ry  co re  ho le  d r i l l i n g  by most 
o f  t h e  c o a l  mining Companies i n  t h e  Warr ior  f i e l d .  Cor re l a t i ons  presen ted  
he re  were der ived  from t h e  cons t ruc t ion  of s e v e r a l  c r o s s  s e c t i o n s  and panel 
diagrams of  i n d i v i d u a l  mine p r o p e r t i e s ,  which were subsequent ly  l i nked  
toge the r  f o r  r e g i o n a l  s t u d i e s .  Representa t ive  gene ra l  c r o s s  s e c t i o n s  
( f i g s .  12 ,  13 ,  15,  16 ,  and 20) a r e  presen ted  t o  i l l u s t r a t e  r eg iona l  s t r a t i -  
graphic  t r ends .  

The lower bench of t h e  Mary Lee coalbed i s  now being mined i n  t h e  newer 
deep mines i n  t h e  southern  p a r t  of t h e  bas in .  This bench, commonly c a l l e d  
t he  " ~ l u e  Creek1' i n  t h e  south  can be t r aced  northward through co re  logs  t o  
where i t  coa lesces  w i th  t he  top bench of t h e  t lary Lee. The c o r r e l a t i o n s  can 
f u r t h e r  be  t r aced  t o  ou tc rops  i n  Walker and northwestern J e f f e r son  Counties 
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FIGURE 18. - Map o f  vo la t i le  content of the Macy Lee  coalbed. 



i. BLOUNT 

\ 
WALKER COUNTY 

. -r' JEFFERSON 
COUNTY 

/ 

3 

LEGEND 
Contour interval, 

I f t  

Scale, f t  

,ey map 

COUNTY _L -- 

FIGURE 19. - B lue Creek cool isopoch. 
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where the  coalbeds were o r i g i n a l l y  d is t inguished  by McCalley (14). Two c ross  
sec t ions  ( f i g s .  15 and 16) show t h e  sporadic occurrence of the  a c t u a l  Blue 
Creek coalbed beneath the  Mary Lee. 

Nomenclature and c o r r e l a t i o n  problems a r e  i n  p a r t  due t o  the f a c t  t h a t  
t h e  Mary Lee coa l  changes rank i n  the bas in .  I n  the  nor thern  p a r t  of t he  
f i e l d ,  where most of the  mining has occurred,  t he  Mary Lee i s  known a s  a h igh-  
t o  medium-volatile coa l .  To the  south ,  where newer mines have been opened, 
t he  Mary Lee i s  a h igher  rank,  l ow-vo la t i l e  coa l  ( f i g .  18 ) .  I n  Tuscaloosa and 
southern Je f f e r son  Counties t h i s  coa l  i s  c a l l e d  the  " ~ l u e  Creek," al though 
s t r a t i g r a p h i c a l l y  i t  i s  t he  lower bench of t he  Mary Lee. 

Jagger and Ream Coals 

Data on the  Jagger and.Ream coa l s  a r e  i n s u f f i c i e n t  t o  cons t ruc t  r eg iona l  
coal  isopach maps. Only a very  small number of core  holes  have been d r i l l e d  
deep enough below the  Blue Creek t o  i n t e r c e p t  e i t h e r  coa l .  The few da ta  show 
the  Jagger and Ream coalbeds t o  be o f t e n  absen t ,  t h i n ,  and e r r a t i c  i n  occur-  
rence,  and t o  vary  g r e a t l y  i n  depth beneath t h e  Blue Creek. 

Deposi t ional  S e t t i n g  of t he  Mary Lee Group 

The American coalbed i s  the  lowermost product ive member of t h e  P r a t t  
Group of coalbeds and o v e r l i e s  t h e  Mary Lee Group by 350 t o  750 f e e t  i n  the  
s tudy a rea .  An isopach ( f i g .  21) of t he  i n t e r v a l  between t h e  Mary Lee and 
American coalbeds shows a southward thickening wedge of sediments which 
sugges ts  a primary source of d e t r i t a l  m a t e r i a l  gene ra l ly  t o  the south.  A 
map of sandstone d i s t r i b u t i o n  between the  Mary Lee and the  over ly ing  New 
C a s t l e  coalbed ( f i g .  11) shows the  l a r g e s t  concent ra t ion  of sandstone i n  t h e  
south and southwest po r t ion  of t he  a rea .  This aga in  i n d i c a t e s  a south  o r  
southwest source a rea .  Previous i n v e s t i g a t i o n s  of sediment source d i r e c t i o n s  
i n t o  t h e  southern po r t ions  of t h e  Black Warrior bas in  have shown r e s u l t s  
s i m i l a r  t o  those ind ica t ed  on f i g u r e s  20 and 21. Ehr l i ch  @) found t h a t  t he  
qua r t z  content  of low rank graywackes i n  the  bas in  diminishes t o  the  south  
i n d i c a t i n g  proximity t o  the  o r i g i n a l  sediment source.  Ferm (9) observed t h a t  
a l l  Pennsylvanian i n t e r v a l s ,  inc luding  t h e  coa l  groups, expand southward. 
Davis and Ehr l i ch  (3) found t h a t  mineral  compositional t rends  i n  l a t e  
Carboniferous sediments of t h e  Black Warrior b a s i n  show v a r i a t i o n  along 
roughly nor th  t o  south  t r ends  and t h a t  no compositional t rends  have been 
de tec ted  a t  high angles  t o  present  Appalachian t r ends .  This was i n t e r p r e t e d  
by Davis and Ehr l ich  t o  have been a man i fe s t a t ion  of t e c t o n i c  a c t i v i t y  along 
the  Ouachita s t r u c t u r a l  b e l t  t o  the  south.  The Ouachita s t r u c t u r a l  b e l t  
de f ines  the  southern boundary of t he  Warrior b a s i n  (11, 2) and was probably 
t h e  u l t i m a t e  source of Pennsylvanian c l a s  t i c  sediments  which were brought i n t o  
the  bas in .  Within the  s tudy a r e a ,  t h e  l o c a l  source a r e a  was t o  t h e  southwest 
and sands were t r anspor t ed  p r imar i ly  t o  the  no r th  and nor theas t .  

An isopach map of t h e  New Castle-Mary Lee i n t e r v a l  ( f i g .  10) shows t h e  
r e l a t i v e l y  th i ck  sedimentary s e c t i o n  t o  t h e  no r theas t  separa ted  t o  the  west 
and south by low i n t e r v a l  th icknesses  ( l e s s  than 20 f e e t ) ;  the  sediment 
present  i n  the  no r theas t  may have been der ived  from a second source a r e a  t o  
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to the north or northeast. Mary Lee Group coal thickness (combined isopachs 
of the New Castle, Mary Lee, and Blue Creek coalbeds) distribution (fig. 22) 
indicates that thick areas of coal in the northeast are more or less separate 
from the coals farther to the south and west. This suggests contemporaneous 
peat deposition within two separate locations as in two distinct deltaic 
complexes--one developing to the northeast and the other to the southwest. 
Thomas (20) - found evidence for these two different source directions in late 
~ississi~ian and Pennsylvanian sandstones northeast of the study area. 
Hobday (g) studying Pennsylvanian-Pottsville sandstone cross-bed directions 
found evidence of two sedimentary systems which merged near Cullman County, 
just north of the study area. 

Individual coalbeds within the Mary Lee Group show thickness distribu- 
tions that suggest original peat accumulation in fluvial-deltaic and low- 
lying coastal plain environments. The New Castle coalbed (fig. 9) represents 
peat deposition associated with an ancient deltaic complex. The northward 
thinning wedge of sediment on which the New Castle coal lies (fig. 10) 
indicates that delta progradation was primarily from the southwest, although 
small sediment contributions are thought to have been brought in from the 
northeast. Areas of thicker coals (over 2 feet) were probably locations of 
peat swamps between major distributary channels that flowed to the north and 
northeast filling the basin. Once the delta had been cut off from its source 
of detrital matter, peat could accumulate over most of the delta platform 
forming extensive, relatively thin coal deposits. 

The Mary Lee coalbed (fig. 17) is representative of peat deposition 
within an ancient low-lying fluvial system. Thicker Mary Lee coal bodies 
(over 6 feet) form sinuous patterns trending generally northeast-southwest. 
These thick coal bodies probably represent locations of ancient low-lying 
inland valleys that were associated with the major stream courses in the upper 
delta plain. 

The Blue Creek coalbed is distributed as wide belt-shaped bodies 
(fig. 19). Trends of thicker coal (over 2 feet) parallel these wide belts 
in the eastern and southeastern portions of the area. To the northwest, 
however, thick Blue Creek coal bodies are elongated at right angles to the 
wider coal belts. The Blue Creek coal appears to represent peat accumulation 
along coastal plains and perhaps, within shallow lagoonal lows behind ancient 
beach barriers. The beltlike distribution of the Blue Creek coal suggests a 
general parallelism to such an ancient coastline. The change in trend direc- 
tions of thick coals indicate at least two different environments associated 
with peat accumulation: (1) Peat accumulation parallel to the larger belts 
probably represents abandoned deltaic distributary channel environments 
associated with delta progradation from the south and southeast and 
(2) coastal processes become more pronounced farther to the north and north- 
west and resulted in channel development perpendicular to the strand line. 
Small tidal channels which drain lagoonal areas are good examples of such 
features. With a drop in sea level these channels were abandoned and became 
locations of thick peat accumulations. 
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STRUCTURAL CONTROL OF MARY LEE GROUP SEDIMENTATION 

There  i s  a  good c o r r e l a t i o n  between i n t e r v a l  t h i c k n e s s e s ,  Mary Lee Group 
c o a l  t h i c k n e s s  d i s t r i b u t i o n ,  and s t r u c t u r e .  Comparison of t h e  New Castle-Mary 
Lee i n t e r v a l  i sopach  ( f i g .  10) w i t h  t h i c k n e s s  d i s t r i b u t i o n  of t h e  Mary Lee 
Group of coa lbeds  ( f i g .  22) shows a n  e x c e l l e n t  c o r r e l a t i o n  between t h i c k  
sediments  ( g r e a t e r  t h a n  40 f e e t )  and t h i c k  c o a l  ( g r e a t e r  t h a n  6 f e e t ) .  I n  
a d d i t i o n ,  t h e  s t r u c t u r e  map ( f i g .  3) shows t h a t  t h e s e  a r e a s  of t h i c k  s e d i -  
ments and t h i c k  c o a l  t end  t o  correspond w i t h  e i t h e r  s t r u c t u r a l l y  low o r  
h i g h l y  f a u l t e d  p o r t i o n s  of t h e  b a s i n .  Examination o f  i sopachs  o f  i n d i v i d u a l  
coa lbeds  w i t h i n  t h e  Mary Lee Group of  c o a l s  i n d i c a t e s  v a r y i n g  degrees  of 
s t r u c t u r a l  c o n t r o l  over  coa lbed  d i s t r i b u t i o n .  

New C a s t l e  Coal 

An i sopach  o f  t h e  uppermost c o a l b e d ,  t h e  New C a s t l e ,  i s  shown on f i g -  
u r e  9 .  This  coa lbed  i s  a l t o g e t h e r  a b s e n t  i n  t h e  v i c i n i t y  of t h e  S e q u a t c h i e  
a n t i c l i n e  b u t  i s  p r e s e n t  w i t h i n  t h e  Coalburg and Warr ior  s y n c l i n e s .  Thicker  
New C a s t l e  c o a l  a l s o  predominates  i n  t h e  s t r u c t u r a l l y  deep sou thwes te rn  p a r t  
o f  t h e  a r e a .  A c o n c e n t r a t i o n  o f  t h i c k  New C a s t l e  c o a l  i n  t h e  n o r t h e a s t  i s  
a s s o c i a t e d  w i t h  a n  e x c e s s i v e l y  f a u l t e d  r e g i o n  wes t  of Birmingham. The c l o s e  
a s s o c i a t i o n  o f  s t r u c t u r e  w i t h  New C a s t l e  c o a l  t h i c k n e s s  s u g g e s t s  t h a t  a n c i e n t  
phys iograph ic  low- ly ing  a r e a s  o f  p e a t  accumulat ion cor respond  t o  s y n c l i n a l  
f e a t u r e s  p r e s e n t  a t  t h e  t ime  of o r i g i n a l  d e p o s i t i o n .  Some of t h e  f a u l t e d  
zones on t h e  s t r u c t u r e  map ( f i g .  3)  may have been s u b s i d i n g  a r e a s  a t  t h e  t ime 
of c o a l  d e p o s i t i o n  and t h u s  were l o c i  f o r  t h i c k e r  t h a n  "normal" p e a t  accumula- 
t i o n .  Because t h e s e  normal f a u l t s  a r e  n e a r l y  p e r p e n d i c u l a r  t o  major sediment 
s o u r c e  d i r e c t i o n s  ( n o r t h e a s t  and s o u t h w e s t ) ,  t h e y  may b e  growth o r  slump 
f e a t u r e s  s i m i l a r  t o  t h o s e  i n  t h e  Cre taceous  sediments  of t h e  Gulf Coast .  
Apparen t ly  d e p o s i t i o n  was s t r u c t u r a l l y  c o n t r o l l e d  b e f o r e  t ime o f  New C a s t l e  
d e p o s i t i o n  because  s i m i l a r  r e l a t i o n s h i p s  a r e  s e e n  i n  t h e  New Castle-Mary Lee 
i n t e r v a l  i s o p a c h  ( f i g .  10) . 

Mary Lee Coal 

An i sopach  o f  t h e  Mary Lee coa lbed  ( f i g .  17) shows t h a t  most of t h e  c o a l  
more t h a n  4  f e e t  t h i c k  o c c u r s  w i t h i n  t h e  g e n e r a l  a r e a  of t h e  Coalburg s y n c l i n e  
and a l s o  w i t h i n  s t r u c t u r a l l y  deep a r e a s  t o  t h e  southwest .  A s  w i t h  t h e  New 
C a s t l e ,  t h i c k  Mary Lee c o a l  i s  a s s o c i a t e d  w i t h  t h e  f a u l t e d  r e g i o n  i n  t h e  
n o r t h e a s t .  The most n o t a b l e  d i f f e r e n c e  between t h e  New C a s t l e  and Mary Lee 
c o a l  i s o p a c h s  i s  t h a t  a  s i g n i f i c a n t  t h i c k n e s s  o f  Mary Lee c o a l  i s  p r e s e n t  
a l o n g  t h e  Sequa tch ie  a n t i c l i n e  whereas t h e  New C a s t l e  c o a l  i s  a b s e n t .  

L i k e  t h e  New C a s t l e ,  t h e  Mary Lee coa lbed  i sopach  i n d i c a t e s  p e a t  
accumula t ion  was a f f e c t e d  by t h e  s t r u c t u r a l  c o n f i g u r a t i o n  o f  t h e  a r e a  a t  
t h e  t ime o f  d e p o s i t i o n .  Thick and e x t e n s i v e  c o a l  w i t h i n  t h e  g e n e r a l  c o n f i n e s  
of t h e  p r e s e n t  Coalburg s y n c l i n e  s u g g e s t s  t h a t  t h i s  s t r u c t u r a l  f e a t u r e  was t h e  
l o c a t i o n  o f  e x t e n s i v e  phys iograph ic  lows where p e a t  could  accumulate .  The 
p r e s e n t  day S e q u a t c h i e  a n t i c l i n e  a p p a r e n t l y  was a  minor f e a t u r e  d u r i n g  t h e  
t ime  of  Mary Lee c o a l  d e p o s i t i o n  and ,  t h e r e f o r e ,  d i d  n o t  i n f l u e n c e  p e a t  
accumulat ion.  C o n s i s t e n t  and a b r u p t  changes i n  c o a l  t h i c k n e s s  j u s t  n o r t h  



and west of the present  Sequatchie a n t i c l i n a l  a x i s  i n d i c a t e  the  pos i t ion  of 
a n  anc ien t  "hingle l ine"  or iented  northeast-southwest  t h a t  separated t h e  
deep southeas tern  bas in  from shallower northwestern a r e a s .  The a r e a  of Mary 
Lee coal  over 4 f e e t  t h i c k  northwest of t h e  h ing le  l i n e  cannot be co r re l a t ed  
with the  p resen t -day  Warrior syncl ine ,  bu t  the re  i s  a good c o r r e l a t i o n  of 
t h i c k  coal  with a f au l t ed  region immediately t o  the  north of t h e  syncl ine .  

Cross sec t ions  taken nor th  t o  south across  the bas in  show t h a t  the Mary 
Lee coal  i s  th i cke r  wi th in  a reas  of (grea ter )  s t r u c t u r a l  deepening. These 
sec t ions ,  shown i n  f igu res  12,  15,  and 16 ,  i n d i c a t e  t h a t  th i cke r  Mary Lee coa l  
i n  the  southern por t ions  of t h e  a r e a  i s  a r e s u l t  of a gradual souther ly  
inc rease  i n  thenumber and thickness of indiv idual  coal  benches. Although up 
t o  f i v e  sepa ra te  benches have been recognized on some core  l o g  desc r ip t ions ,  
two major benches can be r e a d i l y  t r aced  throughout the  southern por t ion  of the  
f i e l d .  To the north these  two benches coalesce  t o  form a s i n g l e  minable u n i t .  
I n t e r m i t t e n t  and r e l a t i v e l y  rapid  subsidence of the southern a r e a ,  accompanied 
by i n f l u x  of d e t r i t a l  m a t e r i a l ,  i s  recorded by the  numerous s p l i t s  i n  the 
Mary Lee. An increas ing  number of coa l  benches t o  t h e  south  ind ica te s  more 
frequent  periods of subsidence i n  t h i s  d i r e c t i o n .  The s t a b i l i t y  of the  
nor thern  a reas  accounts f o r  r e l a t i v e l y  t h i n  coa l  and few or  no sha le  pa r t ings .  

Blue Creek Coal 

Data used t o  cons t ruc t  the  isopach of the  Blue Creek coalbed ( f i g .  19) 
were l imi t ed  and the re  i s  l i t t l e  c o r r e l a t i o n  of coal  thickness with present  
s t r u c t u r a l  conf igura t ion  ( f i g .  3 ) .  The d i s t r i b u t i o n  of the Blue Creek coa l  
suggests  only a s u b t l e  in f luence  of s t r u c t u r e  on o r i g i n a l  peat  depos i t ion .  
Differences i n  t rend d i r e c t i o n s  of th i ck  Blue Creek coa l s  suggest a t  l e a s t  
two d i f f e r e n t  modes of o r i g i n a l  peat  accumulation which were u l t ima te ly  con- 
t r o l l e d  by d i f f e r e n t i a l  s t r u c t u r a l  movements between the  more a c t i v e l y  sub- 
s i d i n g  Coalburg syncl ine  and the  more s t a b l e  a r e a  t o  the  northwest.  

GEOLOGIC FACTORS INFLUENCING MINING OPERATIONS 

Roof i n s t a b i l i t y  and methane emissions a r e  two major problems which 
a f f e c t  underground coal  mining opera t ions  i n  the  Warrior bas in .  Compre- 
hensive geological  inves t iga t ions  can be used by mine opera t ions  t o  a n t i c i p a t e  
a reas  of poss ib le  roof problems. Desorption t e s t s  of coa l  samples from 
v e r t i c a l  boreholes can be used to  es t imate  the  methane content  of v i r g i n  
bituminous coalbeds. This information can then be appl ied  t o  design mine 
v e n t i l a t i o n  systems and t o  determine whether d e g a s i f i c a t i o n  of the  coalbed 
i n  advance of mining w i l l  be necessary.  

S t r a t a  Overlying the  Mary Lee Coalbed 

The rock d i r e c t l y  over ly ing  t h e  Mary Lee coalbed throughout most of t h e  
Warrior f i e l d  i s  s h a l e  ( f i g s .  13, 15, 16, 'and 20). There i s  an  o v e r a l l  
increase  i n  t h e  frequency and s i z e  of sand bodies i n  t h e  southern p a r t s  of  
the bas in  ( f i g .  11) .  I n  Tuscaloosa County, where sandstone d i r e c t l y  o v e r l i e s  
the  Mary Lee, t h e r e  has been very l i t t l e  e ros ion  of t h e  top bench of coal .  
There a r e  no known cases  where the  Mary Lee coal  has been repor ted  t o  be 
absent  due t o  eros ion  and subsequent f i l l i n g  by channel sands. 



Roof problems may be  encountered dur ing  mining of  t he  lower bench of t he  
Mary Lee where on ly  a t h i n  p a r t i n g  may s e p a r a t e  i t  from the  upper bench, which 
i s  o f t e n  l e f t  i n  p lace .  Roof b o l t s  should be long enough t o  p e n e t r a t e  t h e  
p a r t i n g ,  upper bench and t o  f i rmly  anchor i n t o  competent over ly ing  s t r a t a .  
ROO£ problems may a l s o  be  encountered i n  a r e a s  where t h e  i n t e r v a l  t o  t h e  New 
C a s t l e  coalbed i s  s m a l l e s t .  The i n t e r v a l  wi th  t h e  next  h igher  coalbed 
( f i g .  10) i s  c r i t i c a l  because t h e  uppermost p lane  a long  which the  roof tends 
t o  s e p a r a t e  i s  t he  bottom of  t h e  coalbed immediately above (15) .  Other a r e a s  
of uns t ab l e  roof may be  r e l a t e d  t o  sandstone channel d e p o s i t y w h e r e  d i f f e r -  
e n t i a l  compaction has  occurred a long  t h e  margins of sandstone channels .  

Methane Gas Content and Degas i f i ca t i on  

Coal p roduct ion  i n  t he  Warrior b a s i n  has i n  t he  p a s t  ( f i g .  7) been from 
r e l a t i v e l y  shal low ( l e s s  t han  1,000 f e e t )  depths  i n  o l d e r  mines where methane 
emissions were no t  a s e r i o u s  problem. New mines a r e  now ope ra t i ng  a t  depths  
exceeding 1,000 f e e t  and t h e r e  a r e  mines planned f o r  depths  approaching 
2,000 f e e t .  The newer deep mines a r e  a l r e a d y  encounter ing  problems wi th  
methane emissions.  Desorpt ion t e s t s  of coa l  co re s  i n d i c a t e  t h a t  a t  t he se  
g r e a t e r  dep ths ,  . the problem of methane gas a f f e c t i n g  mining opera t ions  w i l l  
be a c u t e .  One sample ob ta ined  a t  a depth of 2,200 f e e t  y i e lded  17 crn3lg o r  
544 f t 3 / t o n  of c o a l  i n  p l a c e  (13, 3. The methane emission from a mine i n  
cubic  f e e t  per  ton  of c o a l  m i n a  would be much g r e a t e r  t han  t h e  c a l c u l a t e d  
cubic  f e e t  of  methane p e r  ton of c o a l  i n  p l ace  because gas i s  a l s o  emi t ted  
from t h e  c o a l  i n  t he  f a c e ,  r i b s ,  r o o f ,  f l o o r ,  p i l l a r s ,  o ld  workings, and gob 
a r e a s  (l2). 

Coal samples were ob ta ined  from seven c o r e  ho l e s  ranging i n  depths  from 
600 t o  2,200 f e e t .  A graph ( f i g .  23) f o r  e s t i m a t i o n  of  gas conten t  was con-  
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FIGURE 24. - Overburden isopach of strata overlying the hiary Leecoalbed. 



y e t  more t han  h a l f  of t h e  methane i s  es t imated  t o  be  i n  t h e s e  deep c o a l s .  
The average  methane con t en t  and t h e  c a l c u l a t e d  methane resources  of each 
overburden i n t e r v a l  i s  g iven  i n  t a b l e  1. 

TABLE 1. - Methane resources  

Due t o  t h e  l a c k  of d a t a ,  t h e  gas  con t en t  o f  t h e  Mary Lee Group i n  t h e  
deeper  p a r t  of  t h e  Warrior b a s i n ,  o u t s i d e  of t h e  s t u d y  a r e a  ( f i g .  2 ) , cou ld  n o t  
b e  c a l c u l a t e d ,  b u t  i t  should b e  no ted  t h a t  i n  t h e  deeper  p a r t  of t h e  Warr ior  
b a s i n  i t  i s  enormous. Every a d d i t i o n a l  squa re  m i l e  of c o a l  6  f e e t  t h i c k ,  a t  a  
dep th  of 2,000 f e e t ,  cou ld  c o n t r i b u t e  3.3 b i l l i o n  f t 3  of  gas  t o  t h e  1 t r i l l i o n  
cubic  f o o t  t o t a l .  

Methods t o  remove methane i n  advance of mining a r e  be ing  t e s t e d  i n  t h e  
Mary Lee coa lbed .  The Bureau of  Mines i s  c u r r e n t l y  involved i n  a  coope ra t i ve  
v e n t u r e  i n  t h e  Warr ior  b a s i n  t o  test  t h e  f e a s i b i l i t y  of d e g a s i f i c a t i o n  of  t h e  
Mary Lee coa lbed  from v e r t i c a l  boreholes  i n  advance of  mining. 

Methane resources  ( f t 3 ) ,  
Mary Lee Group 

0.13 x 1011 
1.15 x lo1' 
3.76 x 10l1 
3.54 x 1011 
1.96 x 1011 

10.54 x lo11 

Overburden ( f t )  

0-500.. . . . . . 
500-1,000. . . . 
1,000-1,500..  . . . . 
1,500-2,000 ....... 
2,000-2,500. .... . .  

Tota l  . . . . . . . . . .; 

SURFACE JOINT AND CLEAT MEAS UREMENTS 

As p a r t  of  t h e  s t r u c t u r a l  i n t e r p r e t a t i o n  of  t h e  s tudy  a r e a ,  j o i n t  and 
c l e a t  s t r i k e s  were measured i n  ou t c rops .  The pr imary purpose was t o  o b t a i n  
d a t a  f o r  e v a l u a t i o n  of a c l e a t - p r e d i c t i o n  technique  which was s u c c e s s f u l l y  
a p p l i e d  i n  t h e  n o r t h e r n  Appalachian c o a l f i e l d s  (4-3). C l e a t  d i r e c t i o n s  are 
impor tan t  because t hey  i n f l u e n c e  t h e  flow of methane i n  coa lbeds .  It has  been 
demonstrated i n  d e g a s i f i c a t i o n  experiments  i n  coalbeds w i th  h igh  pe rmeab i l i t y ,  
conducted underground by t h e  Bureau of  Mines, t h a t  h o r i z o n t a l  ho l e s  d r i l l e d  
pe rpend icu l a r  t o  and,  t h e r e f o r e ,  i n t e r s e c t i n g  t h e  l a r g e s t  number o f  f a c e  
c l e a t s  w i l l  y i e l d  2.5 t o  10 t imes t h e  amount of gas a s  ho l e s  d r i l l e d  perpen-  
d i c u l a r  t o  t he  b u t t  c l e a t .  

Av methane 
con t en t  

The d i r e c t i o n a l  pe rmeab i l i t y  i s ,  i n  t u r n ,  important  i n  t h e  placement of 
v e r t i c a l  and s l a n t  d e g a s i f i c a t i o n  h o l e s  d r i l l e d  from t h e  s u r f a c e  i n t o  a  c o a l -  
bed. A v e r t i c a l  h o l e  i n  a  coalbed w i th  a  w e l l  developed c l e a t  system w i l l  
c o l l e c t  gas a t  a h i g h e r  r a t e  from t h e  f a c e  c l e a t  d i r e c t i o n  than  from t h e  b u t t  
c l e a t  d i r e c t i o n .  An e l l i p t i c a l  d r a inage  p a t t e r n  w i l l  be  developed w i t h  t h e  
long a x i s  p a r a l l e l  t o  t h e  f a c e  c l e a t .  When d r i l l i n g  s l a n t  ho l e s  from t h e  
s u r f a c e  t o  i n t e r s e c t  coalbeds h o r i z o n t a l l y ,  i t  i s  impor tan t  t h a t  t h e  h o l e  
p e n e t r a t e s  t h e  f a c e  c l e a t s  a s  n e a r l y  pe rpend icu l a r  a s  p o s s i b l e  f o r  maximum 
gas flow. To determine t h e  most e f f i c i e n t  p a t t e r n  f o r  v e r t i c a l  d e g a s i f i c a t i o n  
ho l e s  and o r i e n t a t i o n  f o r  s l a n t  h o l e s  i n  v i r g i n  c o a l ,  i t  i s  r e q u i s i t e  t h a t  t h e  
c l e a t  o r i e n t a t i o n  b e  determined. 
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Sur face  j o i n t s  were 

Face cleat measured i n  35 quadrangles  
i n  and around t h e  primary 
s tudy  a r e a  ( f i g .  25).  When- 
eve r  p o s s i b l e ,  1 5  read ings  
were taken  a t  10 s e p a r a t e  
l o c a t i o n s  w i t h i n  t h e  quad- 
r a n g l e s .  Locat ions  were 

W spaced a s  evenly a s  t h e  o u t -  
7 7 t o t a l  readings 0 10 

c rops  would permit .  Fewer 
r ead ings  were ob ta ined  a long  

Scale o f  readings t h e  e a s t e r n  margin of t h e  
a r e a ,  mainly because of t h e  

FIGURE 26. - Composite rose diagram of pr incipal surface i n c r e a s i n g  s t r u c t u r a l  com- 

cleat trends. 
p l e x i t y  of t h e  ou tc rops  and 
because po r t i ons  of t h e  
quadrangles  a r e  o u t s i d e  of 

t h e  Warr ior  b a s i n  s t udy  a r e a .  I n d i v i d u a l  r ead ings  were taken  on j o i n t s  of  
va ry ing  prominence and i n  va r ious  l i t h o l o g i e s  and bed t h i cknes se s  t o  o b t a i n  
a n  unbiased r e p r e s e n t a t i o n  of  t h e  p r i n c i p a l  j o i n t  s t r i k e s .  

When coa l  outcrops o r  s t r i p  mines were p r e s e n t ,  d a t a  were a l s o  ob ta ined  
on s u r f a c e  c l e a t  s t r i k e s  ( f i g .  26).  F i f t e e n  r ead ings  from t h r e e  l o c a t i o n s  
were about  t h e  average  number of s u r f a c e  c l e a t  measurements taken per  quad- 
r a n g l e .  The un i formi ty  of  t h e  g e n e r a l l y  o r thogona l  c l e a t  system found i n  
coalbeds pe rmi t s  t h e  measurement of fewer read ings  t o  e s t a b l i s h  d i r e c t i o n a l  
t r ends .  

The p r i n c i p a l  s u r f a c e  
j o i n t  t r e n d s  o f  each quad- 
r a n g l e  i n  f i g u r e  25 were 
determined a s  de sc r ibed  by 
Diamond (4-2) and a r e  t abu -  
l a t e d  i n  appendix A .  The 
p r i n c i p a l  s u r f a c e  c l e a t  
t r e n d s  were a l s o  determined 
and a r e  t a b u l a t e d  i n  appen- 
d i x  B. The p r i n c i p a l  s u r -  
f a c e  j o i n t  and s u r f a c e  c l e a t  
t r e n d s  from each quadrangle  
were p l o t t e d  on composite 

194 total readings 0 10 
r o s e  diagrams f o r  r e g i o n a l  

I e v a l u a t i o n  ( f i g s .  26 and 27).  
Scale of  read~ngs 

P r e d i c t i o n  of Subsur face  

FIGURE 27. - Composite rose diagram of  pr incipal surface 
C l e a t  O r i e n t a t i o n s  

joint trends. The composite r o s e  
diagram of p r i n c i p a l  s u r f a c e  



N j o i n t  s t r i k e s  ( f i g .  27) 

But t  c lea t  i n d i c a t e s  numerous t r e n d s ,  
e s p e c i a l l y  i n  t h e  wes t .  
For  c l e a t  p r e d i c t i o n ,  
i n d i v i d u a l  peaks a r e  

Face c leat  a s s i g n e d  o r d e r s  of domi- 
nance based on t h e  
number o f  r e a d i n g s  corn-. 
p r i s i n g  t h e  peak. The 
most dominant peak i s  
a s s i g n e d  t h e  f i r s t  o r d e r  
of dominance; t h e  n e x t  
most dominant i s  t h e  

26 to ta I  readings 0 5 - second o r d e r ,  e t c .  The 
peaks i n  t h e  wes t  a r e  

Scale o f  readings ;hen p a i r e d  w i t h  t h o s e  
i n  t h e  e a s t  ( t a b l e  2) 

FIGURE 28. - Composite rose diagram of pr inc ipa l  under- t o  de te rmine  t h e  p o s s i b l e  
fundamental  j o i n t  sys tems 

ground c lea t  trends. 
( j o i n t  sets o r i e n t e d  p e r -  
p e n d i c u l a r  t o  each  o t h e r ) .  

TABLE 2 .  - Fundamental r e g i o n a l  sys tems from d i r e c t i o n a l  d a t a  

Data s o u r c e  I Sys t e m  I Degrees 

S u r f a c e  j o i n t s . .  . . . . 

NOTE.--Superscripts i n d i c a t e  t h e  o r d e r  o f  dominance w i t h i n  t h e  

S u r f a c e  c l e a t  . . . . . . .  

d i r e c t i o n a l  group ( e a s t  o r  wes t )  f o r  s u r f a c e  j o i n t s  and 

i 
(1) N 65" W I  I -*N 40" E1 
(2) *N 81" W I - N  07" E l s '  
(3) N 20" W I  ' -*N 59" El 
(4) N 32" W V  -*N 59" El 
(5) N 42" W I  -9;N 59" E '  

a n  a s t e r i s k  d e n o t e s  t h e  dominant t r e n d  of each system. 

s e p a r a t i o n  
105 

88 
79 
91 

101 

(1) N 21" w- ;~N 61" E 
{ ( 2 )  N 36"W-;kN 61" E  

I t  was found i n  a n  i n v e s t i g a t i o n  o f  t h e  P i t t s b u r g h  coa lbed  i n  s o u t h -  
w e s t e r n  Pennsylvania  and n o r t h e r n  West Virgini .a  (4-5) - - t h a t  a  j o i n t  sys tem 
composed of t h e  most dominant se t  when combined w i t h  a  p e r p e n d i c u l a r  se t  o f  

82 
97 

t h e  f i r s t  o r  second o r d e r  of dominancewi l l  u s u a l l y  g i v e  t h e  b e s t  e s t i m a t i o n  
o f  c l e a t  o r i e n t a t i o n .  The most dominant set  of t h e  s e l e c t e d  sys tem i s  
o r d i n a r i l y  t h e  f a c e  c l e a t  d i r e c t i o n .  These e s t i m a t i o n  c r i t e r i a  were formu- 
l a t e d  by comparing t h e  s u r f a c e  j o i n t  d a t a  t o  c l e a t  d a t a  o b t a i n e d  i n  under -  
ground mines i n  t h e  same a r e a .  



A composite ro se  diagram ( f i g .  28) of  t h e  p r i n c i p a l  underground c l e a t  
s t r i k e s  measured i n  t he  Mary Lee coalbed was cons t ruc ted  t o  s e rve  a s  a  
s tandard  a g a i n s t  which t h e  s u r f a c e  j o i n t  da t a  could be eva lua ted .  This 
diagram i n d i c a t e s  two p o s s i b l e  fundamental systems a s  fol lows:  N 24" W -  N 60" 
E = 84" s e p a r a t i o n ,  and N 37" W - N  60" E = 97" separa t ion .  ( t a b l e  2 ) .  Both 
systems con ta in  t he  N 60' E f ace  c l e a t  t r end  and n e i t h e r  system seems t o  be 
dominant over t he  o t h e r .  The two s e p a r a t e  b u t t  c l e a t  t r ends  p re sen t  do no t  
appear  t o  be  segrega ted  w i t h i n  any p a r t i c u l a r  geographic o r  s t r u c t u r a l l y  
de f ined  a r e a .  I n  f a c t ,  t he  Chetopa n i n e  ( f i g .  5) has  a  bimodal b u t t  c l e a t  
wi th  t r ends  of N 27" W and N 37" W ,  which a r e  n e a r l y  i d e n t i c a l  t o  t h e  average 
b u t t  c l e a t  o r i e n t a t i o n s  on the  r eg iona l  composite ( f i g .  26).  The presence of 
a  bimodal b u t t  c l e a t ,  both i n  t h e  Chetopa mine and on the  composite diagram i s  
probably t h e  r e s u l t  of a n  "overlapping" of dominant t r ends  a s  descr ibed  by 
Nickelsen and Hough (18).  - 

Of the  f i v e  fundamental j o i n t  sys  tems i n  t a b l e  2 ,  only one (N 65" W '  ' - 
N 43" E '  = 105" s epa ra t i on )  s a t i s f i e s  t h e  e s t a b l i s h e d  e s t ima t ion  c r i t e r i a .  
The dominant s e t  of t h i s  system (N 40" E ' ) ,  whi le  n o t  being t h e  c l o s e s t  
s u r f a c e  j o i n t  s e t  t o  t he  underground f a c e  c l e a t  i s  only 20" from the  N 60" E 
a c t u a l  f ace  c l e a t  o r i e n t a t i o n  ( f i g .  28, t a b l e  2 ) .  The N 65" W" s e t  d iverges  
30" t o  40° from t h e  bimodal b u t t  c l e a t  t r e n d s .  The 20" divergence of t h e  
es t imated  va lue  of t h e  f a c e  c l e a t  from t h e  a c t u a l  va lue  i s  not  considered t o  
be  of such a  magnitude t o  s e v e r e l y  a f f e c t  p lanning  of we l l -dens i ty  p a t t e r n s  o r  
o r i e n t i n g  s l a n t  h o l e  d r i l l i n g  pa ths .  

The N 59" E '  s u r f a c e  j o i n t  peak i s  e s s e n t i a l l y  the  same a s  t h e  N 60" E 
f a c e  c l e a t  o r i e n t a t i o n  observed i n  t he  underground mines ( f i g .  28) .  However, 
t h e  t h r e e  western j o i n t  s e t s  t h a t  t h i s  peak could be pa i r ed  w i th  t o  form 
p o t e n t i a l  fundamental systems (Nos. 3 ,  4 ,  and 5,  t a b l e  2) a r e  of very low 
dominance. Hence no sys  tem con ta in ing  the  N 59" E '  j o i n t  s e t  would meet t h e  
e s t a b l i s h e d  c r i t e r i a  and be s e l e c t e d  a s  an  e s t i m a t o r  of t h e  underground c l e a t  
o r i e n t a t i o n .  Although t h e  a n a l y s i s  of s u r f a c e  j o i n t s  has provided a n  adequate  
e s t i m a t e  of underground c l e a t  o r i e n t a t i o n s  on a r eg iona l  b a s i s  i n  t h e  Black 
Warrior coa l  b a s i n ,  i t  i s  n o t  always r e l i a b l e  f o r  a n  i nd iv idua l  mine proper ty  
o r  s i n g l e  quadrangle  s i z e  a r e a .  S imi l a r  s t u d i e s  on t h e  P i t t sbu rgh  coalbed 
(4-5) - - determined t h a t  t h e  small  number of j o i n t  read ings  u s u a l l y  ob t a inab le  
f o r  a  l i m i t e d  a r e a  does n o t  p rovide  s u f f i c i e n t  d a t a  t o  c l e a r l y  d e l i n e a t e  
i n d i v i d u a l  t r ends .  

The geologic  s e c t i o n  above t h e  Mary Lee Group c o n t a i n s  numerous coalbeds.  
Many of t h e s e  coalbeds ou tc rop  i n  t h e  s tudy  a r e a  and measurements on c l e a t  
s t r i k e s  were ob ta ined  ( f i g .  5 ) .  The p r i n c i p a l  c l e a t  d i r e c t i o n s  from a l l  t h e  
quadrangles were p l o t t e d  on a  s i n g l e  r eg iona l  composite r o s e  diagram ( f i g .  26).  
The composite diagram has a  very  pronounced f ace  c l e a t  peak a t  N 61" E ,  and a  
bimodal b u t t  c l e a t  peak a t  N 21" W and N 36" W .  These peaks a r e  e s s e n t i a l l y  
i d e n t i c a l  t o  t h e  underground c l e a t  o r i e n t a t i o n  r ep re sen t ed  on f i g u r e  28 and 
i n  t a b l e  2. It i s  apparen t  t h a t  i n  a r e a s  where coalbeds ou tc rop  a t  t h e  
s u r f a c e ,  measurements and eva lua t ion  of t h e i r  c l e a t  o r i e n t a t i o n s  should 
provide t he  b e s t  e s t i m a t e  of t h e  subsur face  c l e a t  o r i e n t a t i o n .  Recent i n v e s t i -  
ga t i ons  i n  o t h e r  coalbeds (17) have confirmed t h a t  c l e a t  o r i e n t a t i o n s  remain 
p a r a l l e l  throughout a  v e r t i G l  s e c t i o n .  



Or ig in  of J o i n t s  and C l e a t s  

The two fundamental s u r f a c e  j o i n t  systems ( t a b l e  2) composed of t h e  two 
dominant western s e t s  (N 65" W" -N 40" El and N 81" W '  -N 07" E ' )  a r e  q u i t e  
s i m i l a r  t o  t h e  two dominant s u r f a c e  j o i n t  systems (N 57" W I  -N 27" E' ' and 
N 76O W '  -N 15" E '  ) measured i n  t h e  Appalachian P l a t eau  of Pennsylvania and 
West V i rg in i a  (4-5, l8). Nickelsen and Hough (18) r e l a t e  t h e  o r i g i n  of t h e  
wes te rn  component of  t h e  two fundamental j o i n t  systems i n  t h e  n o r t h - c e n t r a l  
Appalachians t o  ex t ens iona l  f o r c e s  r e l a t e d  t o  t h e  p r i n c i p a l  compressive stress 
which was u l t i m a t e l y  r e spons ib l e  f o r  t h e  nor theas t - southwes t  f o l d i n g  i n  t h e  
a r e a .  It seems l i k e l y  t h a t  a  s i m i l a r  o r i g i n  f o r  t h e  N 65" W '  ' and N 81" W '  
j o i n t  s e t s  i n  Alabama i s  p o s s i b l e .  The e a s t e r n  component of  t h e  j o i n t  systems 
would probably r e s u l t  from l a t e ,  r e l e a s e - t y p e  f r a c t u r e s  r e s u l t i n g  from a 
combination of r e s i d u a l  t e c t o n l c  s t r e s s  d i f f e r e n c e s  dur ing  e r o s i o n  and 
unloading.  

Seve ra l  compl ica t ions  t o  t h e  compressive s t r e s s  o r i g i n  theory  a r e  
recognized.  The most s e r i o u s  problem i s  t h a t  i n  t h e  Warrior b a s i n  t h e  
N 65O W" and N 81" W' s u r f a c e  j o i n t  s e t s  a r e  about  20" t o  36" o f f ,  r e s p e c -  
t i v e l y ,  from a perpendicu la r  o r i e n t a t i o n  w i th  t h e  s t r u c t u r a l  a x i s .  I n  t h e  
n o r t h - c e n t r a l  Appalachians,  however, t h e  dominant s u r f a c e  j o i n t  sets t o  t h e  
northwest  were more n e a r l y  perpendicu la r  t o  t h e  s t r u c t u r a l  a x i s  and p a r a l l e l  
t o  t h e i r  a s s o c i a t e d  maximum compressive s t r e s s .  Nickelsen and Hough b e l i e v e  
t h a t  i n  t h e i r  s tudy  a r e a  t h e  p r i n c i p a l  j o i n t s  formed e a r l y ,  b e f o r e  t h e  f o l d i n g  
and f a u l t i n g ,  and a long  s l i g h t l y  vary ing  stress axes.  One p o s s i b l e  explana-  
t i o n  i s  t h a t  t h e  compressive s t r e s s  from t h e  sou theas t  t h a t  e v e n t u a l l y  l e d  t o  
t h e  formation of  t h e  f o l d s  and f a u l t s  i n  t h e  Alabama a r e a  was s h i f t e d  t o  a 
more e a s t - s o u t h e a s t  o r i e n t a t i o n  dur ing  t h e  formation of t h e  j o i n t s .  

A second p o s s i b l e  exp lana t ion  f o r  t h e  o r i e n t a t i o n  of t h e  j o i n t s  w i t h  
r e s p e c t  t o  t h e  maximum compressive s t r e s s  a x i s  o f  t h e  f o l d s  i s  t h a t  t hey  a r e  
a s s o c i a t e d  shear  f r a c t u r e s .  The N 65" W" and N 81" W '  j o i n t  s e t s  a r e  w i t h i n  
t h e  t h e o r e t i c a l  i n t e r v a l  f o r  shea r s  a s s o c i a t e d  w i t h  a  compressive s t r e s s  
o r i e n t e d  a t  approximately N 45" W (perpendicu la r  t o  t h e  f o l d  axes ) .  The 
N 20" W" and N 7" W t V  s u r f a c e  j o i n t  t r ends  ( f i g .  27) could then be t h e  
conjuga tes  of t h e  N .65" W '  ' and N 81" W '  s e t s ,  r e s p e c t i v e l y .  A minor com- 
p l i c a t i o n  t o  bo th  compressive s t r e s s - r e l a t e d  j o i n t  o r i g i n s  i s  t h a t  t h e r e  is  
no obvious t a n g e n t i a l  movement observed on t h e  j o i n t  s u r f a c e s  a s  would be  
expected. However, t h e  j o i n t  s u r f a c e s  i n  t h e  n o r t h - c e n t r a l  Appalachians,  as 
descr ibed  by Nickelsen and Hough a s  be ing  of compressive o r i g i n ,  a l s o  were 
s i m i l a r l y  l ack ing  i n  evidence of t a n g e n t i a l  movement. 

A t h i r d  p o s s i b l e  exp lana t ion  f o r  t h e  o r i e n t a t i o n  of t h e  dominant w e s t e r l y  
s u r f a c e  j o i n t  s e t s  i s  t h a t  they have a  t e n s i o n a l  o r i g i n  as a  r e s u l t  of e i t h e r  
t h e  warping of a  sedimentary b a s i n  o r  t h e  v e r t i c a l  growth of basement s t r u c -  
t u r e s  (18). No r e a d i l y  appa ren t ,  p roper ly  o r i e n t e d  downwarping o r  v e r t i c a l  
growth i s  a s s o c i a t e d  w i th  t he  s tudy  a r e a  t o  produce t h e  observed N 65" W '  I and 
N 81" W' j o i n t  s e t s  by t e n s i o n a l  fo rces .  

The l a s t  major surface.  j o i n t  s e t  t o  cons ide r  on f i g u r e  27 i s  t h e  N 59O E' 
t rend.  This s e t  and t h e  N 40" E '  s e t  a r e  t h e  most dominant j o i n t s  t o  t h e  e a s t .  



The N 59O E '  su r f ace  j o i n t  s e t  i s  e s s e n t i a l l y  p a r a l l e l  t o  the  N 61" E compos- 
i t e  su r face  face  c l e a t  ( f i g .  26) and t h e  N 60" E composite underground' face  
c l e a t  ( f ig .  28). The o r i g i n  of a l l  t h ree  f r a c t u r e s  i s  probably r e l a t e d .  An 
o r i g i n  r e l a t e d  t o  t h e  Appalachian s t r u c t u r a l  f r o n t  i s  not  r e a d i l y  apparent .  A 
more l i k e l y  source f o r  t h e  s t r e s s e s  which produced the  N 59" E '  su r f ace  j o i n t  
i s  t h e  Ouachita orogeny i n  t h e  southwest.  Depending on the  a c t u a l  o r i e n t a t i o n  
of t he  Ouachita s t r u c t u r a l  f r o n t ,  t he  N 59" E l  su r f ace  j o i n t  and the  face  
c l e a t s  could e i t h e r  be ex tens iona l  f r a c t u r e s  o r i en ted  p a r a l l e l  t o  the  maximum 
compressive s t r e s s  o r  they could be shear  f r a c t u r e s .  A t ens iona l  o r i g i n  has 
been discounted. The maximum tens iona l  s t r e s s  r e l a t e d  t o  t h e  Warrior bas in  
would be  o r i en ted  perpendicular  t o  t h e  northeast-southwest  a x i s  of t h e  
deposi tonal  bas in .  This t ens iona l  s t r e s s  would probably not  produce a  f r a c -  
t u r e  i n  the  v i c i n i t y  of N 60" E .  

SUMMARY 

The Mary Lee coalbed i s  the  only coa l  of t he  Mary Lee Group t h a t  i s  pe r -  
s i s t e n t  throughout the  e n t i r e  s tudy a rea .  It i s  s p l i t  i n t o  a s  many a s  f i v e  
benches and i s  comprised b a s i c a l l y  of two benches which have a  combined 
th ickness  of 2 t o  12 f e e t .  The Mary Lee coalbed changes rank from a h igh-  
v o l a t i l e  c o a l ,  i n  p a r t s  of Walker County, through medium-volatile t o  low- 
v o l a t i l e  coa l  i n  no r theas t e rn  Tuscaloosa and southwestern Jef ferson  Counties.  

Fau l t s  i n  t h e  Warrior c o a l f i e l d  s t r i k e  north-northwest .  Face c l e a t s  
measured i n  mines ope ra t ing  i n  t h e  Mary Lee coalbed a r e  o r i en ted  genera l ly  
p a r a l l e l  t o  the  axes of f o l d s .  The b u t t  c l e a t s  t r end  p a r a l l e l  t o  the  s t r i k e  
of t h e  f a u l t s .  

Sedimentation was s u b j e c t  t o  s t r u c t u r a l  c o n t r o l .  Areas of t h i ck  coa l  
and sediment correspond t o  s t r u c t u r a l l y  low o r  h igh ly  f a u l t e d  por t ions  of t h e  
bas in .  Indiv idual  coalbeds wi th in  t h e  Mary Lee Group show thickness d i s t r i b u -  
t i ons  which i n d i c a t e  o r i g i n a l  pea t  accumulation i n  f l u v i a l - d e l t a i c  and low- 
ly ing  c o a s t a l  p l a i n  environments. 

The methane gas resources  o f  t h e  Mary Lee Group coalbeds exceeds 1 t r i l -  
l i o n  cubic f e e t  i n  t h e  a r e a  under i n v e s t i g a t i o n .  Seventy percent  of t h i s  gas 
i s  contained wi th in  the  Mary Lee coalbed a lone  and ,  a t  depths exceeding 
1,000 f e e t ,  methane emissions w i l l  adverse ly  a f f e c t  mining opera t ions .  

Subsurface c l e a t  o r i e n t a t i o n s  can be accura t e ly  predic ted  on the  b a s i s  of 
c l e a t  d i r e c t i o n s  measured a t  t h e  su r face .  As s t r u c t u r a l  complexity inc reases  
t h e  v a r i a t i o n  i n  su r face  and subsurface c l e a t  o r i e n t a t i o n s  a l s o  increases  i n  
complexity. On a l o c a l  b a s i s ,  proximity t o  s t r u c t u r a l  f r o n t s  may mask 
r eg iona l  c l e a t  t r ends ,  bu t  throughout a  v e r t i c a l  s e c t i o n  t h e  c l e a t  o r i e n t a -  
t i o n s  remain p a r a l l e l .  Surface  j o i n t  t rends  can only be used on a  reg ional  
b a s i s  i n  t h e  Warrior bas in  t o  determine the  genera l  o r i e n t a t i o n  of c l e a t s .  
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APPENDIX B.--SURFACE CLEAT READINGS OF INDIVIDUAL QUADRANGLES 

NOTE: Numbered t r e n d s  a r e  a r ranged  by i n c r e a s i n g  d ivergence  from n o r t h  and 
n o t  by t h e i r  o r d e r  of dominance. Trends w i t h i n  t h e  same v e r t i c a l  
column of a  d i r e c t i o n a l  group ( e a s t  o r  wes t )  a r e  assumed c o r r e l a t i v e .  

Quadrangle 

T i e r  1: 
Carbon H i l l . .  ..... 
Degrees d e v i a t i o n .  
D i r e c t i o n a l  mean.. 

T i e r  2  : 
Howard. ........... 
Townley ........... 
J a s p e r  ............ 
C o r d o v a . . . . . . . . . . .  
S ipsey  ............ 
C r e e l  ............. 
W a r r i o r . . . . . . . . . . .  
Degrees d e v i a t i o n .  
D i r e c t i o n a l  mean.. 

T i e r  3  : 
Berry ............. 
Oakman ............ 
P a r i s h  ............ 
Goodsprings ....... 
D o r a . . . . . . . . . . . . . .  
Brookside  ......... 
Gardendale ........ 
Pinson ............ 
Degrees d e v i a t i o n .  
D i r e c t i o n a l m e a n . . N 1 l O W  

T i e r  4: 
Berry  SE .......... 
Wiley ............. 
T u t w i l e r  School . . .  
Gilmore ........... 
Sylvan S p r i n g s  .... 
Adamsville ........ 
Birmingham North . .  
Degrees d e v i a t i o n .  
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I East  

Quadrangle 

T i e r  6  : 
Samantha SE . . . . . . .  
S e a r l e s  SW... . . . . .  
S e a r l e s  SE. ....... 
Yolande SW. ....... 
Yolande SE. ....... 
Degrees d e v i a t i o n .  
D i r e c t i o n a l  mean.. 

T i e r  7:  
Co t tonda l e . . . . . . . .  
Coaling ........... 
.Degrees d e v i a t i o n .  
D i r e c t i o n a l  mean.. 

T i e r  1: 
....... Carbon H i l l  

Degrees d e v i a t i o n .  
D i r e c t i o n a l  mean.. 
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Howard. . . . . . . . . . . .  
Townley ........... 
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Goodsprings ....... 
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Quadrangle 

T i e r  4 : 
Berry SE.. ........ 
Wiley ............. 
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Gilmore . . . . . . . .  ... 
Sylvan Spr ings . .  .. 
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T i e r  5  : 
Samantha N E . . . . . . .  
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